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(57) ABSTRACT

A method of programming nonvolatile memory devices. A
program operation 1s performed by applying a dummy pro-
gram pulse having a pulse width wider than a pulse width of
a program start pulse. A program operation 1s performed by
applying the program start pulse. It 1s then verified whether a
program has been completed as a result of the program opera-
tion. A program operation 1s performed by applying a step-
shaped dummy program pulse, which has a second pulse
width and has been increased by a second step voltage. A
program operation 1s performed by applying a program pulse
having a first step voltage and a first pulse width. It 1s then
veriflied whether a program has been completed as a result of
the program operation.

15 Claims, 6 Drawing Sheets
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METHOD OF PROGRAMMING
NONVOLATILE MEMORY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority to Korean patent
application number 10-2008-0066876, filed on Jul. 10, 2008,
which 1s incorporated by reference 1n 1ts entirety.

BACKGROUND OF THE INVENTION

The present invention relates to a method of programming,
nonvolatile memory devices.

In recent years, there 1s an increasing demand for nonvola-
tile memory devices that can be electrically programmed and
erased and do not need the refresh function of rewriting data
at specific intervals.

The nonvolatile memory cell 1s an element enabling elec-
trical program/erase operations and 1s configured to perform
the program and erase operations by changing 1ts threshold
voltage as electrons migrate by a strong electric field applied
to a thin oxide layer of 100 angstrom or less.

The nonvolatile memory device generally includes a
memory cell array 1n which cells for storing data are arranged
in matrix form, and a page butler for writing data 1into specific
cells of the memory cell array or reading data stored 1n spe-
cific cells. The page buller includes a bit line pair connected
to a specific memory cell, a register for temporarily storing,
data to be written 1nto a memory cell array, or reading data of
a specific cell from the memory cell array and temporarily
storing the read data therein, a sensing node for sensing the
voltage level of a specific bit line or a specific register, and a
bit line selection unit for controlling whether or not to connect
a specific bit line to the sensing node.

As a program method of this nonvolatile memory device,
an icremental step pulse programming (ISPP) method has
been known. That 1s, a program operation 1s performed by
constantly increasing a program start voltage by a step volt-
age. However, as the number of program and erase operations
increases, the program speed of a memory cell increases.
Further, even though a low program start pulse 1s applied, a
change 1n the threshold voltage of a memory cell increases. In
order to prevent this abrupt change, a method of applying
dummy program pulses before the application of the program
start pulse has been known. However, this method 1s prob-
lematic in that the entire program time 1s increased.

BRIEF SUMMARY OF THE INVENTION

The present ivention 1s directed toward a method of pro-
gramming a nonvolatile memory device, which can shorten
the program time while applying dummy program pulses.

A method of programming a nonvolatile memory device
according to an aspect of the mnvention includes performing a
program operation by applying a dummy program pulse hav-
ing a pulse width wider than a pulse width of a program start
pulse, performing a program operation by applying the pro-
gram start pulse, and verifying whether a program has been
completed as a result of the program operation.

A method of programming a nonvolatile memory device
according to another aspect of the mvention includes per-
forming a program operation by applying a step-shaped
dummy program pulse, which has a second pulse width and
has been increased by a second step voltage, performing a
program operation by applying a program pulse having a first
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step voltage and a first pulse width, and veritying whether a
program has been completed as a result of the program opera-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing a typical method of applying
dummy program pulses of a nonvolatile memory device;

FIG. 2 1s a diagram showing a method of applying dummy
program pulses of a nonvolatile memory device in accordance
with an embodiment of the present invention;

FIG. 3 1s a diagram showing a method of applying dummy
program pulses of a nonvolatile memory device in accordance
with another embodiment of the invention;

FIGS. 4A to 4E are diagrams showing a method of apply-
ing dummy program pulses of anonvolatile memory device in
accordance with still another embodiment of the invention;
and

FIG. § 1s a flowchart illustrating a program method of a
nonvolatile memory device according to the present inven-
tion.

DESCRIPTION OF SPECIFIC EMBODIMENTS

Now, specific embodiments according to the present inven-
tion will be described with reference to the accompanying
drawings. However, the invention 1s not limited to the dis-
closed embodiments, but may be implemented 1n various
ways. The embodiments are provided to complete the disclo-
sure of the mnvention and to allow those having ordinary skill
in the art to understand the scope of the invention. The mnven-
tion 1s defined by the claims.

FIG. 1 1s a diagram showing a typical method of applying
dummy program pulses of a nonvolatile memory device.

As a method of programming a nonvolatile memory
device, the ISPP method has been known. The ISPP method
1s a method of performing a program by applying program
pulses, which are increased by a step voltage on the basis of a
program start voltage. After one program pulse 1s applied, a
verily operation for checking whether a program according to
the application of the corresponding pulse has been com-
pleted.

As shown i FIG. 1, program pulses, which are consis-
tently increased by a step voltage DVpgm on the basis of a
program start voltage 11, are applied. Although not shown 1n
the drawing, after the program pulse 1s applied, a verily
operation 1s performed.

Meanwhile, a method of applying dummy program pulses,
which has been improved from this ISPP method, has been
known. In the case 1n which program/erase operations are
repeatedly performed on a nonvolatile memory device, there
1s a tendency that the program speed becomes fast due to the
characteristic of a memory cell. As the program/erase num-
bers of the nonvolatile memory device increases, a change in
the threshold voltage, which 1s accompamed by application of
a first pulse at the time of ISPP, 1s increased. Accordingly, by
considering a change 1n the program speed, which 1s caused
by the increase of the program/erase numbers as described
above, a program operation 1s performed by applying a pro-
gram pulse having a voltage level lower than that of the
conventional program start voltage 11. Here, the program
pulse 1s defined as a dummy program pulse 12.

The dummy program pulse 12 1s applied for the first time
and has a voltage level, which 1s 3 to 4 step lower than the first
program start pulse 11. A plurality of the dummy program
pulses 1s applied by increasing them by a step voltage. Mean-
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while, when the dummy program pulses 12 are applied, an
additional verify operation 1s not performed.

When the program/erase numbers are small, a change in
the threshold voltage 1s not great although the dummy pro-
gram pulses 12 are applied. However, when the program/
crase numbers are great, a change in the threshold voltage 1s
great. Meanwhile, 1n accordance with the above method,
before the conventional program start voltage 11 1s applied,
the dummy program pulses 12 are applied, so the threshold
voltage partially rises. Accordingly, an abrupt change 1n the
threshold voltage can be prevented, and expansion of thresh-
old voltage distributions due to the abrupt change in the
threshold voltage can be prevented. However, this method of
applying the dummy program pulses 1s problematic 1n that 1t
increases the program time.

FI1G. 2 1s a diagram showing a method of applying dummy
program pulses of a nonvolatile memory device in accordance
with an embodiment of the present invention.

As shown 1n the drawing, a dummy program pulse 21,
having a pulse width wider than that of a first program start
pulse 22, 1s applied. The dummy program pulse can have a
voltage level, which 1s one step voltage smaller than that of
the first program start pulse 22. Here, the step voltage can
range from 0.3 to 1.0V. Further, the dummy program pulse
can have a pulse width, which 1s n times wider than a pulse
width of the program start pulse. The dummy program pulse
can have a pulse width, which 1s 3 or 4 times wider than a
pulse width of the program start pulse, and have a voltage
value, which 1s lower by a step voltage than the program start
pulse.

In this case, the program time can be shortened since once
pulse 1s applied without having a pause period as in FIG. 1
alter the dummy program pulse 1s applied.

It 1s to be understood that the pulse width and the voltage
value of the dummy program pulse can be controlled by those
having ordinary skill in the art through a typical ISPP pulse
controller (not shown) included 1n a nonvolatile memory
device. Accordingly, a detailed construction of the ISPP pulse
controller 1s omitted for simplicity.

FIG. 3 1s a diagram showing a method of applying dummy
program pulses of a nonvolatile memory device in accordance
with another embodiment of the invention.

As shown 1n FIG. 3, a dummy program pulse 31 1s applied
before a first program start pulse 32 1s applied, wherein a
voltage level of the dummy program pulse rises stepwise. In
other words, the method of FIG. 3 can correspond to a method
of applying the dummy program pulses shown 1 FIG. 1
without the pause periods. This dummy program pulse 31 1s
called a step-shaped dummy program pulse.

Each of the dummy program pulses, constituting the step-
shaped dummy program pulse, can have a pulse width that 1s
identical to or different from that of the first program start
pulse 32. Further, a voltage difference between the dummy
program pulses can be identical to or different from a step
voltage between program pulses applied after the first pro-
gram start pulse 32 1s applied. It 1s to be understood that this
can be controlled using the ISPP pulse controller.

In accordance with an embodiment of the invention, each
of the dummy program pulses, constituting the step-shaped
dummy program pulse 31, can have the same pulse width
(W1) as that of the program start pulse. Further, a voltage
difference between the dummy program pulses can be 1den-
tical to a step voltage (Vstepl) between the program pulses.

As shown 1 FIG. 3, the dummy program pulses each of
which has the same pulse width as the pulse width (W1) of the
program start pulse 32 before the program start pulse 1s
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applied and has the same step voltage as the step voltage
(Vstepl) when the program pulses are applied, can be
applied.

That 1s, the dummy program pulses, constituting the step-
shaped dummy program pulse 31, can include a first pulse,
which 1s n-times the step voltage lower than the program start
pulse, a second pulse, which 1s (n-1)-times the step voltage
lower than the program start pulse, . . ., a (n-1) pulse, which
1s twice step voltage lower than the program start pulse, and
an n” pulse, which is lower by the step voltage than the
program start pulse. Each of the dummy program pulses can
have the same pulse width as that of the program start pulse.

In other words, the step-shaped dummy program pulse can
include a first pulse, which 1s n-times the step voltage lower
than the program start pulse, and second to n™ pulses (n being
an integer greater than two), which are one to (n—1)-times the
step voltage greater than the first pulse. Each of the dummy
program pulses constituting the step-shaped dummy program
pulse can have the same pulse width as that of the program
start pulse.

Meanwhile, the step-shaped dummy program pulse can be
formed into various forms of dummy program pulses by
controlling a pulse width of each pulse and a voltage ditfer-
ence between the respective pulses.

FIGS. 4A to 4E are diagrams showing a method of apply-
ing dummy program pulses of anonvolatile memory device in
accordance with still another embodiment of the mnvention.

First, FIG. 4A shows an example in which a pulse width
(W2) of each dummy program pulse 1s larger than the pulse
width (W1) of the program start pulse and a voltage differ-
ence (Vstep2) between the dummy program pulses 1s larger
than the step voltage (Vstepl) of the program pulse.

FIG. 4B shows an example in which a pulse width (W3) of
cach dummy program pulse 1s smaller than the pulse width
(W1) of the program start pulse and a voltage difference
(Vstep3) between the dummy program pulses 1s smaller than
the step voltage (Vstepl) of the program pulse.

Here, 11 the pulse width (W3) and the voltage difference
(Vstep3) are minimized, dummy program pulses, which are
increased linearly as shown i FIG. 4C, can be formed.

FIG. 4D shows an example 1n which a pulse width (W2) of
cach dummy program pulse i1s larger than the pulse width
(W1) of the program start pulse, but a voltage difference
(Vstep3) between the dummy program pulses 1s smaller than
the step voltage (Vstepl) of the program pulse.

FIG. 4E shows an example 1n which a pulse width (W3) of
cach dummy program pulse 1s smaller than the pulse width
(W1) of the program start pulse, but a voltage difference
(Vstep2) between the dummy program pulses 1s larger than
the step voltage (Vstepl) of the program pulse.

As described above, various forms of dummy program
pulses can be formed by differently controlling the pulse
width of each dummy program pulse and the voltage difier-
ence between the dummy program pulses.

FIG. 5 1s a flowchart illustrating a method of programming,
anonvolatile memory device according to the invention. First,
a dummy program pulse 1s applied 1 order to perform a
program operation 1n step 510. The dummy program pulse
can have a form as shown 1n FIG. 2, 3 or 4. After the dummy
program pulse 1s applied, an additional verify operation 1s not
performed. The same program operation as a typical program
operation 1s performed except that the dummy program pulse
1s applied to a selected word line.

Next, a normal program voltage 1s applied so as to perform
a program operation 1n step 520. A program start pulse 1s
applied immediately after the dummy program pulse 1is
applied. The program start pulse 1s a first program pulse
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accompanied by a verily operation. Thereatter, the program
operation can be performed by increasing the program start
pulse by n-times the step voltage according to whether the
verily operation has been completed. Here, the applied pro-
gram pulse 1s called a normal program voltage.

After the normal program voltage 1s applied, the verily
operation 1s performed in order to check whether the program
has been completed 1n step 530. That 15, when externally input
data 1s all programmed into a designated memory cell, the
program operation 1s finished without additional measures.

However, when there 1s a cell that has not been pro-
grammed, the program voltage 1s increased by the step volt-
age 1 step 540. The program operation (step 520) 1s then
performed repeatedly by applying the program pulse, which
has been increased by the step voltage.

As described above, before a normal program 1s per-
formed, dummy program pulses are applied, but applied as
one pulse with pause periods between the dummy program
pulses being omitted. Accordingly, the entire program time
can be shortened.

According to the configuration of the invention, pause
periods between dummy program pulses can be minimized in
a period 1n which the dummy program pulses are applied and,
therefore, the time taken for the entire program operation can
be shortened. Further, since the dummy program pulses are
applied, an abrupt change in the threshold voltage at the time
ol a program operation, which 1s caused by increased pro-
gram/erase numbers, can be prevented.

The embodiments disclosed herein have been proposed to
allow a person skilled in the art to easily implement the
invention, and the person skilled 1n the part may implement
the imvention by a combination of these embodiments. There-
fore, the scope of the mvention 1s not limited by or to the
embodiments as described above, and should be construed to
be defined only by the appended claims and their equivalents.

What 1s claimed 1s:

1. A method of programming nonvolatile memory device,
comprising;

performing a program operation by applying a dummy

program pulse having a pulse width wider than a pulse
width of a program start pulse;

performing a program operation by applying the program

start pulse; and

veritying whether a program has been completed as a result

of the program operation.

2. The programming method of claim 1, wherein the
dummy program pulse has a pulse width, which 1s ‘n’ times
wider than the pulse width of the program start pulse, ‘n’
being a positive integer.

3. The programming method of claim 2, wherein the
dummy program pulse has a voltage value, which 1s lower by
a step voltage than that of the program start pulse.

4. The programming method of claim 2, wherein the ‘n’ 1s

3 or4.
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5. The programming method of claim 1, further compris-
ing, it as a result of the verification, a determination 1s made
that the program has not been completed, performing the
program operation again by increasing the program pulse
applied 1n a just-before program operation by a step voltage.

6. The programming method of claim 5, further comprising
performing the program operation again until the program 1s
completed according to the verification result, and repeatedly
performing the verification.

7. The program method of claim 1, further comprising, 1f,
as a result of the verification, a determination 1s made that the
program has been completed, finishing the program opera-
tion.

8. A method of a programming nonvolatile memory device,
comprising:

performing a program operation by applying a step-shaped

dummy program pulse rising stepwise without pause
periods;

performing a program operation by applying a program

pulse having a first step voltage and a first pulse width;
and

verilying whether a program has been completed as aresult

of the program operation.

9. The programming method of claim 8, wherein the step-
shaped dummy program pulse has steps with a second pulse
width and a second step voltage.

10. The programming method of claim 9, wherein the
second step voltage of the step-shaped dummy program pulse
1s 1dentical to the first step voltage of the program pulse.

11. The programming method of claim 9, wherein the
second pulse width of the step-shaped dummy program pulse
1s 1dentical to the first pulse width of the program pulse.

12. The programming method of claim 9, wherein the
step-shaped dummy program pulse includes a first pulse,
which 1s n-times the step voltage lower than the program start
pulse, and second to n” pulses, which are one to (n—1)-times
the step voltage greater than the first pulse, n being a positive
integer, and the second pulse width of each of the dummy
program pulses 1s 1dentical to the first pulse width.

13. The programming method of claim 9, further compris-
ing, 1f, as a result of the verification, a determination 1s made
that the program has not been completed, performing the
program operation again by increasing a program pulse
applied 1n a just-before program operation by the step volt-
age.

14. The programming method of claim 13, further com-
prising performing the program operation again until the
program 1s completed according to the venification result, and
repeatedly performing the verification.

15. The programming method of claim 9, further compris-
ing, 1f, as a result of the verification, a determination 1s made
that the program has been completed, finishing the program
operation.
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